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0 Method of producing semiconductor device and semiconductor device. 

FIG. 1A 



© A method of producing a semiconductor device 
comprising the steps of depositing an alloy film (14) 
including copper (Cu) on a substrate (10,12), pattern- 
ing the alloy film, and annealing the patterned alloy 
film in an ambient atmosphere including at least 
nitrogen (N2) gas, so that a copper interconnection 
film (18) covered by a nitride film (16) is formed. 
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METHOD OF PRODUCING SEMICONDUCTOR DEVICE AND SEMICONDUCTOR DEVICE 



BACKGROUND OF THE INVENTION 

The present invention generally relates to a 
method of producing a semiconductor device, and 
a semiconductor device produced by the method. 
The present invention more particularly relates to a 
method of producing a semiconductor device using 
copper or copper alloy as a wiring or metallization 
material. 

As well known, a metallization pattern of a. 
large scale integrated circuit (LSI) diminishes in 
width as its integration density increases. Although 
aluminum (Al) metallization is widely used for semi- 
conductor chips, its width for metallization is limited 
to the range of 0.5 to 0.6 wn. This is because 
electromigration increasingly occurs as the alumi- 
num metallization pattern becomes narrower. For 
this reason, use of a metallic material of a high 
melting point such as molybdenum (Mo) or tung- 
sten (W) in replace of Al is considered. However, 
the resistivity of Mo or W is approximately twice 
the resistivity of Al in bulk and is more in a thin 
film. Therefore, a metallization material having a 
high, electromigration resistance and a low resistiv- 
ity is currently being investigated. 

Presently, copper (Cu) is being investigated for 
metallization of LSIs due to its better electromig- 
ration resistance and lower resistivity than Al. A 
conventional semiconductor device with copper 
metallization is designed so that a copper metal- 
lization film is directly deposited on an insulating 
film such as silicon dioxide (S1O2) which is depos- 
ited on a silicon (Si) substrate and over contact 
holes formed in the insulating film so as to be 
positioned on the top of diffused layers formed in 
the Si substrate. Of course, the copper film is 
patterned in accordance with the wiring pattern. 

The semiconductor device thus produced is 
generally annealed at a high temperature of the 
order of 400 °C or over in order to grow grains of 
Cu and to thereby improve the electromigration 
resistance. Thereafter, an insulating film is depos- 
ited on the Cu metallization film as well as the 
insulating film. The deposition of the insulating film 
is conventionally carried out by a chemical vapor 
deposition (CVD) at a temperature of approximately 
420 °C. The insulating film on the copper metal- 
lization film may be made of. for example, 
phosphor-silicate glass (PSG), silicon nitride 
(SiaN^j or SiO;. The insulating film acts as a pas- 
sivation film or a layer-to-layer insulating film in 
multilevel interconnections. 



However, there are disadvantages with the con- 
ventional method of producing semiconductor de- * 
vice with the Cu metallization mentioned above. 
That is. the oxidation temperature of Cu ranges * 

5 from 200 to 250 °C, whereas the heat treating tem- 
perature in the CVD is of the order of 400 °C or 
over. Therefore, Cu in the metallization film is easi- 
ly oxidized due to oxygen which exists in an am- 
bient atmosphere when depositing the insulating 

to film by the CVD process. Oxidation of Cu damages 
the surface of the metallization film which is in 
contact with the insulation film and therefore de- 
grades the Cu metallization film especially in terms 
of its resistance. 

15 

SUMMARY OF THE INVENTION 

Accordingly, a general object of the present 
20 invention is to provide a novel and useful method 
of producing a semiconductor device, in which the 
above problems have been eliminated. 

A more specific object of the present invention 
is to provide a method of producing a semiconduc- 
25 tor device, in which oxidation of a metallization film 
including at least copper is effectively prevented 
and its metallization resistance can be kept low 
even after deposition of an insulating layer. 

Another object of the present invention is to 
so provide a method of producing a semiconductor 
device, in which a copper interconnection of a low 
resistance is formed. 

Still another object of the present invention is 
to provide a method of producing a semiconductor 
as device, in which an electromigration is effectively 
suppressed. 

To attain the above-mentioned objects and fea- 
tures, according to the present invention, there is 
provided a method of producing a semiconductor 

4o device comprising the steps of depositing an alloy 
film including copper (Cu) on a substrate, pattern- 
ing the alloy film, and annealing the patterned alloy 
film in an ambient atmosphere including N2, so that 
a copper (Cu) interconnection film covered by a * 

45 nitride film is formed. 

According to the present invention, a semicon- $ 
ductor device produced by the above method is 
provided. That is. a semiconductor device accord- 
ing to the present invention comprises a substrate. 

50 a copper interconnection film deposited on the 
substrate, and a nitride film covering said copper 
film, wherein the copper film and the nitride firm 
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are formed by depositing an alloy film including 
copper on the substrate, patterning the alloy film, 
and annealing the patterned alloy film in an am- 
bient atmosphere including at least N 2 . 

According to the present invention, there is 
another method of producing a semiconductor de- 
vice comprising the steps of depositing a copper 
interconnection film on a substrate, patterning the 
copper film, depositing a nitride film on the copper 
film and the substrate, and etching off the nitride 
film that is not part of the nitride film deposited on 
surfaces of the patterned copper film. 

According to the present invention, there is 
another semiconductor device comprising a silicon 
substrate, an insulating film deposited on the sili- 
con substrate, a barrier metal film for preventing 
reaction and interdiffusion between copper and sili- 
con, deposited on the insulating film, a copper 
interconnection film deposited on the barrier metal 
film, a nitride film enclosing top and side surfaces 
of the copper film, and another insulating film de- 
posited on the copper film covered by the nitride 
film- 
Other objects and further features of the 
present invention will be apparent from the follow- 
ing detailed description when read in conjunction 
with the attached drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 A through 1C are respectively cross 
sectional views for explaining an example of a 
method of producing a semiconductor device ac- 
cording to the present invention; 

FIGS.2A and 2B are respectively cross sec- 
tional views for explaining steps for producing an 
alloy film; 

FIGS.3A and 3B are respectively graphs 
showing experimental results for the measurement 
of the sheet resistivity; 

FIGS.4A through 4C are respectively graphs 
showing experimental results for the measurement 
of the X-ray diffraction; 

FIG. 5 A is a cross sectional view of an exam- 
ple of a semiconductor device produced by the 
method of the present invention; 

FIG.5B is a cross sectional view along a line 
X-X in FIG.5A; 

FIG.5C is a cross sectional view along a line 
Y-Y in FIG. 5 A; and 

FIGS. 6 A through 6D are respectively cross 
sectional views for explaining another example of a 
method of producing a semiconductor device ac- 
cording to the present invention. 



DETAILED DESCRIPTION 

A description will first be given on a method of 
producing a semiconductor device which uses an 
5 alloy of copper and titanium (Cu-Ti alloy) for an 
interconnection film, by referring to FIGS.1A. 
through 1C. 

As shown in FIG.1A. an alloy film 14 consisting 
of Cu and Ti is deposited on a diffusion barrier 

10 metal film 12 which is deposited on an insulating 
film 10. The deposition of the Cu-Ti alloy may be 
carried out by a direct current (D.C.) magnetron 
sputtering method, in which a Cu-Ti alloy target is 
sputtered. The content of Ti in the Cu-Ti alloy film 

75 14. which determines the thickness of a barrier film 
16 for preventing Cu films from being oxidized, is 
preferably in the range from 1 to 40 weight %. The 
greater the content of Ti. the longer is the time 
required for growing the barrier film 16. The thick- 

20 ness of the Cu-Ti alloy film 14 preferably ranges 
from 3.000 A to 2um. The sputtering is carried out 
for example, in an ambient atmosphere of argon 
(Ar) gas at a pressure of SmTorr with a power of 
D.C.4kw. 

25 Another method for depositing the Cu-Ti alloy 

film 14 may be used instead of the above method 
using the Cu-Ti alloy target. That is, as shown in 
FIG.2A, a Cu film 14a is first deposited on the 
diffusion barrier metal film 12 by the D.C. mag- 

30 netron sputtering in which a Cu target is sputtered. 
Then, as shown in FIG.2B, a Ti film 14b is depos- 
ited on the top of the Cu film 14a by the D.C. 
magnetron sputtering in which a Ti target is sput- 
tered. Then, the Cum biiayer deposited on the 

35 barrier film 12 is annealed at a iow pressure for 
alloying Cu with Ti to form the Cu-Ti alloy film 14 
shown in F1G.1A. This low-pressure-furnaced an- 
nealing (abbreviated as LPFA) is carried out in Ar 
gas at 550 °C. for example. The Ar gas acts to 

40 prevent Ti from being oxidized during annealing. 

The diffusion barrier metal film 12 acts to pre- 
vent Cu atoms from reacting with and diffusing into 
the insulating film 10 made of phosphor-silicate 
glass (PSG). silicon dioxide (SiOz) or silicon nitride 

45 (ShNi), for example. The diffusion barrier metal film 
12 may be made of titanium nitride (TiN), tungsten 
(W), tungsten nitride (WN), zirconium nitride (ZrN), 
titanium carbide (TiC). tungsten carbide (WC), tan- 
talum (Ta), tantalum nitride (T aN) or titanium tung- 

50 sten (TiW). The thickness of the diffusion barrier 
metal film 12 is preferably in the range from 
1.000A to 2000A. When using TiN to form the 
diffusion barrier metal film 12. for example, a reac- 
tive magnetron sputtering method may be used. 

55 The deposition of TiN is carried out in such a 
manner that a Ti target is sputtered in an ambient 
atmosphere of Ar + N2 gas at a pressure of 5mTorr 
with a power of D.C.4kW. for example. 
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Next, the Cu-Ti alloy film 1 4 thus deposited is 
patterned in accordance with an interconnection 
pattern by an ion milling, as shown in FIG.1 B. This 
ion milling process uses a Si02 mask or a PSG 
mask and is carried out in Ar gas at a pressure of 
2 x 10~*Torr with an accelerating voltage of 500V, 
for example. Instead of the ion . milling, a reactive 
ion etching (abbreviated as RIE), in which CCh + Cb 
gas is used, may also be used for patterning. 

Preferably, the diffusion barrier metal film 12 is 
also patterned after the patterning of the Cu-Ti 
alloy film 14. Since the diffusion barrier metal film 
12 is provided to protect the diffusion of Cu atoms 
into the insulating film 10, the pattern of the diffu- 
sion barrier metal film 12 is made almost identical 
with the pattern of the Cu-Ti alloy film 14. The 
patterning of the diffusion barrier metal film 12 of 
TIN, for example, may be performed by the reac- 
tive ion etching method in an ambient atmosphere - 
of SF6 gas at a pressure of 0.02 to 0.05Torr with a 
power of 50 to 200W, for example. 

Then, the patterned Cu-Ti alloy film 14 is an- 
nealed. The annealing is carried out in an ambient 
atmosphere of nitrogen {N2) gas at a temperature of 
600 to 900 °C for tens of minutes to a few hours. 
During annealing, Ti atoms are diffused toward top 
and side surfaces of the patterned film 14, and 
combined with N 2 in the atmosphere, so that the 
film 16 of TIN for oxidation resistance is formed on 
the top and side surfaces of the patterned film 14. 
With the out-diffusion of Ti atoms, the Cu atoms in 
the Cu-Ti alloy film 14 approach a pure state, so 
that there is finally formed an almost pure Cu film 
18 which is covered by the TIN film 16. The Cu 
film 18 is an excellent interconnection film, be- 
cause it is almost pure and thus its resistivity is 
kept extremely low. The thickness of the TiN film 
16 depends on the annealing time and the content 
of Ti in the Cu-Ti film 14. Preferably, the TiN film 
16 has the thickness of 500A to 2,000 A. The afore- 
mentioned annealing is preferably carried out at a 
low pressure such as 4Torr. The gas for annealing 
is not limited to N2 ambients, and gases including 
N 2 such as Ar+Ns or NhWammonia) + N2 may be 
used. 

The Cu interconnection film 18 is provided with 
oxidation resistance, since the top and side sur- 
faces thereof are totally covered by the TIN film 16. 
In addition, since the Cu film 18 is deposited on 
the diffusion barrier metal film 12, the diffusion of 
Cu atoms into the insulating film 10 or a silicon 
substrate (not shown) through a contact hole (not 
shown) formed in the insulating film 10 is effec- 
tively prevented. As a result, even when an insulat- 
ing film which acts as a iayer-to-layer insulating 
film or a passivation film is deposited by means of 
the CVD at a temperature of approximately 420°C 
on the Cu film 18 which is covered by the TiN film 



' 16, the oxidation of the Cu film 18 can be effec- 
tively prevented, so that the Cu interconnection 
layer of an extremely low resistance can be ob- 
tained. In addition, the generation of the elec- 

5 tromigration in the Cu film 18 may be effectively 
prevented, since the Cu film 18 is formed by 
annealing at a high temperature in the range of 600 
to 900 °C. Therefore, the grain size grows larger. 
A description will be given on a method of 

to producing another semiconductor device in which a 
Cu interconnection film is totally covered by a 
barrier film of zirconium nitride (ZrN) which pre- 
vents the Cu interconnection film from being ox- 
idized, by referring to FIGS.1 A through 1C. 

75 First, the aJloy film 14 of Cu-Zr is deposited on 

the diffusion barrier metal layer 12. The deposition 
of the Cu-Zr alloy may be carried out by the D.C. 
magnetron sputtering method using a Cu-Zr alloy 
target. The content of Zr in the Cu-Zr alloy film 14, 

20 which determines the thickness of the barrier film 
16 of ZrN, is preferably in the range from 1 to 40 
weight %. The thickness of the Cu-Zr alloy film 14 
ranges from 3.000A to 2iim. The parameters for 
sputtering are the same as those when sputtering 

25 of the Cu-Ti target described. 

The Cu-Zr alloy film 14 may aiso be formed by 
depositing a Cu/Zr biiayer on the diffusion barrier 
metal film 12 in that order and then carrying out 
the low-pressure annealing in N2 gas at a tempera- 

30 ture of 650° C, for example. 

Steps following the deposition of the Cu-Zr 
alloy film 14 are performed in a similar way to the 
steps in the method of producing the Cu-Ti alloy 
film described previously. That is, the Cu-Zr alloy 

35 film 14 is patterned by means of the ion milling. 
Then, the diffusion barrier metal film 12 is etched 
off by the RIE. Finally, the patterned Cu-Zr alloy 
film 14 deposited on the patterned diffusion barrier 
metal film 12 is annealed, so that there is obtained 

40 the Cu film 18 totally covered by the ZrN film 16 
which provides oxidation resistance for the Cu film 
18. 

The reason for use of Ti or Zr as explained in 
the foregoing is that the standard free generation 

45 energy thereof is relatively low and therefore nitride 
of Ti or Zr can easily be obtained. Instead of TIN or 
ZrN which is electrically conductive, an electrically 
insulating material of nitride such as BN, AIN or 
Si3Ni may be used to totally cover the top and side 

50 surfaces of the Cu interconnection film 18. A de- 
scription will be given on the method of producing 
a semiconductor device, in which the Cu intercon- 
nection film is covered by such an insulating film, 
by using FIGS.1 A through 1C. 

55 As a first step, the alloy film 14 of Cu-AI, for 

example, is deposited on the top of the diffusion 
barrier metal film 12 made of TiN, TiW, W, ZrN, 
TiC, Ta TaN, TiW or WC by the D.C. magnetron 
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sputtering, in which a Cu-AI alloy target including 
Al of 1 to 40 weight % therein is sputtered. The 
sputtering is carried out in an ambient atmosphere 
of Ar gas at a pressure of SmTorr with a power of 
D.C.4kW\ for example. The thickness of the Cu-AI 
film 14 is preferably in the range from 5.000A to 
2um. Next, the Cu-AI alloy film 14 is patterned by 
ion milling etching, as shown in FIG.1B. The etch- 
ing parameters are the same as those mentioned 
previously. Thereafter, the diffusion barrier metal 
film 12 is preferably patterned by the R!E. Then, 
the patterned Cu-AI alloy film 14 is annealed in the 
atmosphere including N2 gas at a low pressure. In 
detail, the annealing is carried out at a pressure of 
4Torr and a temperature of 600 to 900°C for 30 to 
90 minutes. During annealing. Al atoms are dif- 
fused out and then react with N2 in the atmosphere, 
so that the barrier film 16 of AIN which prevents 
the oxidation of Cu is formed on the top and side 
surfaces of an almost pure Cu interconnection film 
18. The thickness of the AIN barrier film 16 prefer- 
ably ranges from 300A to 1.500A. Procedures for 
forming a BN or ShNi barrier film other than the 
AIN barrier film may be carried out in a similar way 
to the procedures for the AIN film. 

A description will now be given of experimental 
results for the measurement of the sheet resistance 
of the interconnection film. In the experiment, two 
samples each having the barrier film 16 of TiN 
which were respectively formed by the following 
two different processes. 



Process iStep 1 : 



The Cu film 14a (FIG.2A) of the thickness of 
2,000 A was formed on the TiN film 12 by the 
D.C. magnetron sputtering, and then the Ti film 
1 4b of the thickness of 1 .500A was deposited 
on the Cu film 14a by the D.C. magnetron 
sputtering. 

Step 2: 

Next, the Cu-Ti bi layer thus formed was an- 
nealed in Ar gas at a pressure of 4Torr and a 
temperature of 550°C for 30 minutes in order 
to obtain the Cu-Ti alloy film 14. 

Step 3: 

then, the Cu-Ti alloy was annealed in N2 gas 
at a pressure of 4Torr and a temperature of 
750 °C for 30 minutes. 



Process 2Step 1: 



5 The Cu film 14a (F1G.2A) of the thickness of 

2.000A was formed on the TiN film 12 by the 
D.C. magnetron sputtering, and then the Ti film 
14b of the thickness of 1.000 A was deposited 
on the Cu film 14a by the D.C. magnetron 

10 sputtering. 
Step 2: 

Next, the Cu-Ti bilayer thus formed was an- 
nealed in N2 gas in a pressure of 4Torr and a 
is temperature of 650 °C for 30 minutes in order 

to obtain the Cu-Ti alloy film 14. 
Step 3: 

Then, the Cu-Ti alloy was annealed in N2 gas 
20 at a pressure of 4Torr and a temperature of 

750 °C for 30 minutes. 



FIG.3A shows the sheet resistance ( ufl/o) of 

25 the conductor including Cu measured for each of 
the steps in process 1 above, and FIG.3B shows 
the sheet resistance (uQ/d) measured for each of 
the steps in process s above. As shown in FIGS.3A 
and 3B, the sheet resistance measured after step 2 

30 in each of the processes 1 and 2 is larger than that 
in the as-deposited state after step 1 in each of 
processes 1 and 2. This is because the Cu/Ti 
bilayer has been alloyed by annealing. However, 
the sheet resistance after step 3 in each of pro- 

35 cesses 1 and 2 decreases and is close to the sheet 
resistance after step 1 . This means that the Cu-Ti 
alloy has been changed into almost pure Cu due to 
the out-diffusion of Ti, which reacts with N2. This is 
supported by the X-ray diffraction experiments, 

40 which is described below. In FIG.3A, the sheet 
resistance after step 3 is slightly larger than that 
after step 1. This is because the annealing time of 
30 minutes in step 3 was not sufficient to totally 
diffuse the Ti atoms toward the top and side sur- 

45 faces of the Cu-Ti alloy film. 

RGS.4A through 4C respectively show the ex- 
perimental results of the X-ray diffraction measure- 
ment. FIG.4A shows the results regarding an as- 
deposited Cu/Ti bilayer formed by depositing a Cu 

50 film of the thickness of 2.000A on the ShhU insulat- 
ing film and further depositing a Ti film of a thick- 
ness of 1.000A on the Cu film. FIG.4B shows the 
results regarding the Cu-Ti alloy obtained by an- 
nealing the Cu/Ti bilayer in an ambient atmosphere 

55 of Ar gas at a pressure of 4Torr and a temperature 
of 550 °C for 30 minutes. FIG.4C shows the results 
regarding the Cu film covered by the TiN film 
obtained by annealing the Cu-Ti alloy in N 2 gas at 
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a pressure of 4Torr and a temperature of 750 °C for 
30 minutes. In F1G.4A, a very strong spectrum of 
Cu. especially the spectrum of (111) can be ob- 
served, whereas spectra of CusTi, Cu/Ti and CU2T1 
are notable in FIG.4B. This means that Cu atoms 
have been alloyed with Ti atoms. Further, very 
strong spectra of Cu and Ti can be observed in 
FIG.4C. This means that the film including Cu has 
been changed into an almost pure state after being 
annealed in N2 gas. 

A description will now be given of an example 
of a semiconductor device having a two-level 
metallization obtained in accordance with the meth- 
od of the present invention. 

Referring to FIGS.5A through 5C, an insulating 
film 22 such as Si02 is deposited on a p-type of a 
Si substrate 20. The insulating film 22 is partially 
etched off to form a contact hole 24. On the 
insulating film 22 and over the contact hole 24, 
there are deposited a Ti film 26 of a thickness of 
500 A, a TiN diffusion barrier metal film 28 of a 
thickness of 1.000A and a Cu interconnection film 
32 in that order. The Ti film 26 is provided to make 
a better ohmic contact to a n + -diffused layer 20a 
formed in the Si substrate 20. The deposition of the 
Ti film 26 may be carried out by the D.C. mag- 
netron sputtering in an ambient atmosphere of Ar 
gas at a pressure of SmTorr with a power of 2kW, 
for example. The deposition of the TiN film 28, a 
barrier film 30 of TiN and the Cu film 32 is per- 
formed in accordance with the method of the 
present invention discussed in the foregoing. 

On the insulating film 22 and the Cu film 32 
covered by the TiN film 30, there is deposited a 
layer-to-layer insulating film 34 such as PSG by the 
CVD. Although the temperature in the CVD process 
is approximately 420°C, the Cu film 32 is not 
oxidized because of the presence of the TiN film 
30 which totally covers the Cu film 32. On the 
layer-to-layer insulating film 34, there is deposited 
a TiN barrier metal film 36 and a Cu interconnec- 
tion film 40 which is totally covered by a TiN 
barrier film 38. This deposition is carried out in 
accordance with the method of the present inven- 
tion described in the foregoing. The ohmic contact 
between the Cu film 32 at the first level and the Cu 
film 40 at the second level is formed through a 
contact hole 42 formed in the insulating film 34. It 
should be noted that a metallic film such as the Ti 
film 26 is not required because the bottom of the 
contact hole 42 is formed with the TiN film 36. 

There is deposited a passivation film 44 on the 
insulating film 34 and the TiN film 38 by the CVD, 
for example. An Al bonding pad 46 for packaging is 
deposited on the top of the Cu film 40 covered by 



the TiN film 38. Although Al is liable to react with 
Cu, the illustrated structure can prevent the reac- 
tion, because the Cu film 40 is totally covered by 
the TiN film 38. 

5 in the structure explained above, an At film 

may be used instead of the TiN film 26, and W. 
WN. ZrN. TiC. Wc. Ta. TaN or TiW may be used 
instead of the TIN film 28 or 36. The insulating film 
22, 34 or 44 may be formed by SbN* instead of 

10 S1O2 or PSG. Moreover, the barrier film 30 or 38 
may be formed by ZrN, AIN. BN or Si3N*. When 
using AIN, BN or Si3N* to cover the Cu film 32 or 
40, it is necessary to etch off the insulating film to 
form the through hole. 

16 A description wiil be given of another method 

of producing a semiconductor device in which a Cu 
interconnection film is covered by a barrier film for 
the oxidation resistance, referring to FIGS. 6 A 
through 6D. 

20 First, referring to FIG.6A, a PSG insulating film 

52 is deposited on a Si substrate 50 by the CVD, 
for example. SiO* or Si3N* may also be used in- 
stead of PSG. On the top of the PSG insulating film 
52, there is deposited a diffusion barrier metal film 

25 54 of TiN by the reactive magnetron sputtering in 
which a Ti target is sputtered at an ambient at- 
mosphere of Ar+Ns gas at a pressure of 5mTorr 
with a power of D.C.4kW. The thickness thereof 
preferably ranges from 100A to 1,000A. Of course, 

30 use of W, WN, ZrN. TiC. WC. Ta, TiW or TaN 
other than TIN is possible. Next, a Cu interconnec- 
tion film 56 is deposited on the TiN film 54 by the 
D.C. magnetron sputtering in which a Cu target is 
sputtered in an ambient atmosphere of Ar gas at a 

35 pressure of 5mTorr with a power of D.C2kW, for 
example. The thickness of the Cu film 56 is prefer- 
ably in the range from 3 ,000 A to 2um. Then, the 
Cu film 56 is etched off by the ion milling method 
to pattern the Cu film 56. The etching is carried out 

40 in an ambient atmosphere of Ar gas at a pressure 
of 2 x 10~*Torr with an accelerating voltage of 500V. 
for example. The mask of SiOz or PSG is used 
upon etching. Thereafter, a TiN film 58 for prevent- 
ing Cu from being oxidized is deposited around the 

45 surfaces of the patterned Cu film 56 and on the 
TiN film 54. The deposition of the TiN film 58 may 
be carried out by the reactive magnetron sputter- 
ing. The sputtering is carried out in an ambient 
atmosphere of Ar + N 2 gas at a pressure of 5mTorr 

so with a power of D.C.4kW, for example. The thick- 
ness of the TiN film 58 ranges from 1.000A to 
2.000A. 

As a next step, as shown in FIG.68, the TiN 
film 54 and the TiN film 58 is etched off by the 
55 reactive ion etching (RIE) in which a mask 60 such 
as S1O2 or PSG is mounted on the top of the TiN 
barrier film 58 under which the patterned Cu film 
56 is arranged. The etching is performed in an 
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ambient atmosphere of SFe gas at a pressure of 
0.02 to 0.05Torr with a power of 100 to 200W, for 
example. The cross sectional view of the semicon- 
ductor device after the etching is illustrated in 
FIG.6C. Part of the films 54 and 58 which do not 
face the mask 60 have been taken off. Conse- 
quently, the Cu film 56 is totally enclosed by the 
TiN films 54 and 58. 

Further, an insulating film 62 such as PSG is 
deposited around the Cu film 56 totally covered by 
TiN as well as on the insulating film 52 by the 
CVD. The deposition by use of the CVD is carried 
out in an ambient atmosphere of 1% PH3(50cc) + 
N2(50cc) gas at a pressure of 1 Torr and a tempera- 
ture of 420°C. It should be appreciated that the Cu 
film 56 is never oxidized during the CVD process 
because of the presence of the TiN film 58. When 
forming a single-level metallization semiconductor 
device, the insulating film 62 acts as the pas- 
sivation film, whereas the insulating film 62 acts as 
the layer-to-layer insulating film when the multi- 
level metallization is formed. 

The present invention is not limited to the 
embodiments, but various variations and modifica- 
tions may be made without departing from the 
scope of the present invention. 

Claims 

1. A method of producing a semiconductor 
device characterized in that said method comprises 
the steps of depositing an alloy film (14) including 
copper (Cu) on a substrate, patterning said alloy 
film, and annealing said patterned alloy film in an 
ambient atmosphere including nitrogen (N2) gas, so 
that a copper interconnection film (18) covered by 
a nitride film (16) is formed. 

2. A method of producing a semiconductor 
device as claimed in claim 1, characterized in that 
said alloy film is made of an alloy of Cu and a 
material selected from the group consisting of 
titanium (Ti), 2irconium (Zr), aluminum (Ai), boron 
(B) and silicon (Si). 

3. A method of producing a semiconductor 
device as claimed in any of claims 1 and 2, char- 
acterized in that said step of annealing is per- 
formed at a reduced pressure. 

4. A method of producing a semiconductor 
device as claimed in any of claims 1 to 3. char- 
acterized in that said step of annealing is per- 
formed at a temperature of 600 to 900 °C. 

5 A method of producing a semiconductor 
device as claimed in any of claims 1 to 4. char- 
acterized in that said step of annealing is per- 
formed for tens of minutes to a few hours. 



6. A method of producing a semiconductor 
device as claimed in any of claims 1 to 5, char- 
acterized in that the thickness of said nitride film 
ranges from 500A to 1 ,000A. 
5 7. A method of producing a semiconductor 

device as claimed in any of claims 1 to 6, char- 
acterized in that said ambient atmosphere is gas 
including N atoms. 

8. A method of producing a semiconductor 
10 device as claimed in any of claims 1 to 6, char- 
acterized in that said ambient atmosphere is a gas 
including N atoms and a gas selected from the 
group including algon (Ar) and ammonia (NH3). 

9. A method of producing a semiconductor 
75 device as claimed in any of claims 1 to 8, char- 
acterized in that said nitride is a material selected 
from the group including titanium nitride (TiN), zir- 
conium nitride (ZrN), aluminum nitride (AIN), boron 
nitride (BN) and silicon nitride (SbN 4 ). 

20 10. A method of producing a semiconductor 

device as claimed in any of claims 1 to 9, char- 
acterized in that said substrate includes a metallic 
film (12) deposited on an insulating film (10) on a 
silicon substrate. 

25 11. A method of producing a semiconductor 

device as claimed in any of claims 1 to 10, char- 
acterized in that said step of depositing said alloy 
film is performed by a direct current magnetron 
sputtering in which an alloy including Cu target is 

30 sputtered. 

12. A method of producing a semiconductor 
device as claimed in any of claims 1 to 10. char- 
acterized in that said step of depositing said alloy 
is performed by depositing a bi layer film consisting 

35 of a Cu film (14a) and a metallic material (14b) 
which is alloyed with said Cu film on said substrate 
in that order and by annealing said bilayer film. 

13. A method of producing a semiconductor 
device as claimed in any of claims 1 to 12, char- 

40 acterized in that the thickness of said alloy film 
ranges from 3,000 A to 2um. 

14. A method of producing a semiconductor 
device as claimed in any of claims 1 to 13, char- 
acterized in that a metallic material other than Cu is 

45 included as 1 to 20 weight % in said alloy film. 

15. A method of producing a semiconductor 
device as claimed in any of claims 1 to 14, char- 
acterized in that said step of patterning is carried 
out by an ion milling method. 

so 16. A method of producing a semiconductor 

device as claimed in any of claims 1 to 15, char- 
acterized in that said method further comprises a 
step of depositing an insulating film on said Cu 
interconnection film covered by said nitride. 

55 
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17. A method of producing a semiconductor 
device as claimed in any of claims 1 to 16. char- 
acterized in that said deposition of said insulating 
film is carried out by a chemical vapor deposition 
(CVD). 

18. A semiconductor device characterized in 
that said device comprises a substrate (10, 12); a 
copper interconnection film (18) deposited on said 
substrate; and a nitride film (16) covering said 
copper film, wherein said copper film and said 
nitride film are formed by depositing an alloy film 
(14) including copper on said substrate, patterning 
said alloy film, and annealing said patterned alloy 
film in an ambient atmosphere including nitrogen 
(N 2 ) gas. 

19. A semiconductor device as claimed in 
claim 18, characterized in that said nitride film is 
made of a material selected from the group con- 
sisting of titanium nitride (TIN), zirconium nitride 
(ZrN), aluminum nitride (AIN), boron nitride (BN) 
and silicon nitride (S13N4). 

20. A semiconductor device as claimed in any 
of claims 18 and 19, characterized in that said 
substrate is made up of a silicon substrate, an 
insulating film (10) deposited on said silicon sub- 
strate and a diffusion barrier metal film (12) for 
preventing reaction and interdiffusion between cop- 
per and silicon, deposited on said insulating film. 

21. A semiconductor device as claimed in any 
of claims 18 to 20. characterized in that said diffu- 
sion barrier metal film is made of a material se- 
lected from the group consisting of titanium nitride 
(TiN), tungsten (W), tungsten nitride (WN), zirco- 
nium nitride (ZrN), titanium carbide (TIC), tungsten 
carbide (WC), tantalum (Ta), tantalum nitride (TiN) 
and: titanium tungsten (TiW). 

22. A semiconductor device as claimed in any 
of claims 18 to 21, characterized in that an insulat- 
ing film is deposited on said copper film covered 
by the nitride. 

23. A method of producing a semiconductor 
device characterized in that said method comprises 
the steps of depositing a copper interconnection 
film (56) on a substrate (50. 52, 54); patterning said 
copper interconnection film; depositing a nitride 
film (58) on said copper film and said substrate; 
and etching off said nitride film that is not part of 
said nitride film deposited on surfaces of said pat- 
terned copper film. 

24. A method of producing a semiconductor 
device as claimed in claim 23. characterized in that 
said step of depositing said copper film is carried 
out by a direct current magnetron sputtering meth- 
od. 
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25. A method of producing a semiconductor 
device as claimed in any of claims 23 and 24, 
characterized in that said step of depositing said 
nitride film is carried out by a reactive magnetron 
sputtering method. 

26. A method of producing a semiconductor 
device as claimed in any of claims 23 to 25, 
characterized in that said step of patterning said 
copper film is performed by an ion milling method. 

27. A method of producing a semiconductor 
device as claimed in any of claims 23 to 26, 
characterized in that said step of etching off is 
performed by a reactive ion etching method. 

28. A semiconductor device characterized in 
that said device comprises a silicon substrate (50); 
an insulating film (52) deposited on said silicon 
substrate; a barrier metal film (54) for preventing 
reaction and interdiffusion between copper and sili- 
con, deposited on said insulating film; a copper 
interconnection film (56) deposited on said barrier 
metal film; a nitride film (58) covering top and side 
surfaces of said copper film; and another insulating 
film (62) deposited on said copper film covered by 
said nitride film. 

29. A semiconductor device as claimed in 
claim 28. characterized in that said nitride film is 
made of a material selected from the group con- 
sisting of titanium nitride (TiN). zirconium nitride 
(ZrN), aluminum nitride (AIN), boron nitride (BN) 
and silicon nitride (S13N4). 
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FIG. 1 B 
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